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[57] ABSTRACT 

Transmitting signals containing amplitude modulated 
(AM) and phase modulation (PM) components requires 
a transmitter having AM and PM control loops. The 
PM control loop provides phase modulation, frequency 
translation and phase predistortion for the transmitter. 
The phase prcdistortion/correction is accomplished by 
using an oscillator, thus, the amount of PA phase cor- 
rection is essentially unlimited. Additionally, the PM 
control loop is nested about a power amplifier (PA), 
allowing the PM control loop to correct for any distor- 
tion introduced by the PA. 

24 Claims, 4 Drawing Sheets 
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thereby achieving amplitude modulation of the power 

POWER AMPLIFIER HAVING NESTED amplifier output signal. 

AMPUTUDE MODULATION CONTROLLER AND A problem arises when the AM control signal going 

PHASE MODULATION CONTROLLER to the PA control port causes a phase shift on the PA 

5 output signal, referred to as an AM to PM conversion 

FIELD OF THE INVENTION effect. This AM to PM conversion effect is a result of a 

Generally, this invention relates to linear transmitters nonlinearity of the PA that is characteristic of PA*s 

and, more specifically, to nesting an amplitude modula- which employ design techniques used to minimize bias 

tion (AM) control loop and a phase modulation (PM) current and majumize power efficiency, and when the 

control loop around a power amplifier (PA) module in output power is controlled by varying the bias current, 

a radio frequency transmitter. In the past, several approaches have been used to 

T. . ^T^^T^^irr^T^ .^.^w,^^^. eliminate this AM to PM conversion effect First, by 

BACKGROUND OF THE INVENTION , ^^dule, AM to PM effects were 

Typically, radio frequency (RF) transmitters, such as reduced. However, a linear PA is inefficient and power- 

those used in radiotelephones, employ standard phase consuming, and is not desirable for applications such as 

modulation (PM) techniques. PM transmitters employ portable radio telephones. Second, the phase of the 

power amplifiers (PAs) that are highly efficient and reference signal was adjusted such that the PA input 

have large amplitude nonlinearity because there is no signal phase is predistorted thereby canceling the phase 

amplitude modulation (AM) component in the modula* dktortion which occurs in the PA. However, the re- 

tion format. These PAs often employ transistor bias quired degree of predistortion is dependent on output 

techniques whereby the bias current is minimized and signal level, supply voltage, and temperature resulting 

the output power is controlled by changing the bias in a very complex open loop control scheme. Third, the 

current PA was embedded within a predistortion loop which 

Recently, there has been a need to have a transmitter shifted the phase of the PA input signal such that the 

for transmitting signals having AM components and total phase shift through the predistortion loop was 

PM components. An AM/PM transmitter requires automatically forced to zero. 

modulation circuitry for amplitude and phase. Typi- piG. 2 is a simplified block diagram of a PA embed- 

cally, the modulation circuitry is accomplished with ded in a predistortion loop. In the circuit, the input 

control loop circuit configurations. FIG. 1 is a detailed 30 ^ig^ passes through an input coupler 201 and a phase 

block diagram of a prior art AM/PM transmitter hav- shifter 203 before going into the PA 205. The PA output 

mg M AM 115 control loop and a PM 117 conttol loop ^^^^ passes through an output coupler 207. The input 

In addition to the phase modulation, the PM control coupler 201 and output coupler 207 feed portions of the 

loop 117 performs a frequency translation of a phase ^^^^ output signal to the phase com- 

reference signal 121 to the desired output frequency. 35 ^ comparator generates an error 

The PM control loop 117 mcludes a mixer 101, a phase ^ difference in phase between the 

tT^^ * ^ ^^^'^ controlled oscillator (VCO) ^ ^ ^he phase com- 

105. T^e mixer generates an mt«inediate frequency ^ ^ ^^^^^ ^^^^ 

si^ 127 havmg a fr^uency which is equal to the ^^^^^^^^ p^ , ^ automatically pre- 

difference between the frequencyof a frequency refer- 40 distorted and the PA output si^al has a phase which is 

wMchTfU^^SkS^^^^^^ approximatelyequ^toSeinp^^^^ 

cncc m phase of an mtcrmediate frequency signal 127 ™wcvci, tuc picuwiwuwu iwp ^.u^ujtijr auu» 

and a phL reference input signal m The phie com- 45 ^"^^^f T 

parator output drives a tuningport of the VCO such ^ ^i^?^ phase shift of the PA exceeds the fimtc 

that the VCO output signal has a phase which is approx- ™ phase sMler. , ^, 

imately equal to the p^of the phase reference input ^ desirable to develop an AM/PM 

signal 121. thus providing the phase modulation of the transmitter capable of frttjucncy modulation, frequency 

VCO output signal. To perform the frequency transla- 50 translation and ampUtude modulation, wherein there 

tion, the phase comparator output drives the VCO tun- rcstnctions on the phase distortion which occurs 

ing port such that the VCO output sagnal has a fre- dependency upon the output signal level, 

qucncy which is equal to the frequency of the local the supply voltage, or the temperature, 

oscillator input signal plus the frequency of the phase BRIEF DESCRIPTION OF THE DRAWINGS 
reference signal 55 

The AM control loop is integrated about a power f^^- 1 a detailed illustration of a transmitter that is 

amplifier (PA) 107 having an output an^)litude control pnor art 

port The AM control loop 115 includes the PA 107, an FIG. 2 is a detailed illustration of a power amplifier 

output power coupler 109, an envelope detector 111 which is prior art. 

and a difference amplifier 113. A portion of the PA 60 P^^- 3 is an illustration in block diagram form of a 

output signal is fed back to the envelope detector 111 radiotelephone system in accordance with the present 

via the coupler 109. The difference amplifier 113 gcncr- invention. 

ates an error signal based on the difference in voltage of FIG. 4 is a detailed illustration in block diagram form 

the envelope detector 111 output and the ampUtude of a transmitter in accordance with the present inven- 

reference input signal 125. The difference amplifier 113 65 tion. 

drives the PA output amplitude control port such that FIG. 5 is a detailed illustration in block diagram form 

the amplitude of the PA output is responsive to the of a transmitter in accordance with the present inven- 

voltagc of the amplitude reference input signal 125, tion. 
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no. 6 is a detailed illustration in block diagram form In some cellular radiotelephone systems, the trans- 

of an alternate realization of a transmitter in accordance ceiver 300 and the base station intermittently transceive 

with the present invention. information therebetween on the signaling channel. One 

r\-f«n-j • *• roc j i_ . such system, for example, uses a time division multiple 

Detailed Descnption of a Preferred Embodmient 5 ^^^^ (^MA) signding method to synchronize 5ie 

FIG. 3 illustrates, by example, a block diagram of a intermittent information. In this type of system, keeping 
conventional radio communication transceiver 300 the transceiver 300 fiilly powered during the entire time 
(hereinafter referred to as "transceiver"). The trans- that the transceiver 300 is tuned to the signaling channel 
ceiver 300 enables a mobile or portable subscriber unit unnecessarily drams the transceiver's battery during 
to communicate with a base station (not shown), for 10 those times when the information is not received, 
example, over radio frequency (RF) channels in a radio Therefore, portions of the transceiver 300 can be pow- 
communication system (not shown). The base station ered off to prolong battery life when the transceiver is 
thereafter provides commimications with a land-line not transceiving information. Further, portions of the 
telephone system (not shown) and other subscriber transceiver 300 can be powered off to prolong battery 
units. An example of a subscriber unit having the trans- IS life when the signal quality is good enough such that 
ceiver 300 is a cellular radiotelephone. further repetition of the same information is not needed. 

The transceiver 300 of FIG. 3 generally includes an IntermittenUy powering on and off, i.e. enabling and 
antenna 301, a diplexor 302, a receiver 303, a transmitter disabling, the transceiver 300 during its receive opera- 
305, a reference frequency signal source 307, a phase tion b caUed discontinuous receive (DRX) mode of 
locked loop (PLL) frequency synthesizer 308, a proces- 20 operation. In the DRX mode of operation, quickly en- 
sor 310, an information source 306, and an information abling and disabling the portions of the transceiver 300 
sink 304. produces the greatest savings in battery life. 

The interconnection of the blocks of the transceiver FIG. 4 is an illustration in block diagram form of the 
300 and operation thereof is described as follows. The transmitter 305 of FIG. 3. In the embodiment illustrated 
antenna 301 receives an RF signal 320 from the base 25 m FIG. 3, the phase modulation signal 321 provides a 
station for filtering by the diplexor 302. The diplexor baseband inphase (I) modulation signal and quadrature 
302 provides frequency selectivity to separate the RF (Q) modulation signal. The phase modulator 408 oper- 
received signal at line 311 and the RF transmit signal at ates on the baseband I phase modulation signal and the 
line 313. Alternatively, the diplexor may provide tern- baseband Q phase modulation signal to generate a mod- 
poral selectivity to separate the RF received signal at 30 ulated carrier signal 421 which acts as the phase refer- 
line 311 and the RF transmit signal at line 313 by means ence signal input to the PM loop 417. The PM loop 417 
of a switch. The receiver 303 is coupled to receive the consists of a mixer 401, a phase detector 403, a voltage 
RF received signal at line 311 and operative to produce controlled oscillator (VCO) 405, a PA 407, a coupler 
a received baseband signal at line 312 for the informa- 409, a switch 419, and a limiter 420. When the PA 407 
tion sink 304. The reference frequency signal source 307 35 is initially turned on, the switch 4 19 connects the VCO 
provides a reference frequency signal at line 315. The 405 output signal to the limiter 420. After the AM con- 
PLL frequency synthesizer 308 is coupled to receive trol loop 4 15 attains a locked condition, the switch 419 
the reference frequency signal at line 315 and informa- connects the coupler output signal to the limiter 420. 
tion on a data bus 318 and operative to produce a trans- The switching provides a signal to the mixer 40 1 that 
ceiver tuning signal at line 316 to tune the receiver 303 40 has a sufficient power level for the PM control loop 417 
and transmitter 305 to a particular RF channel The to attain lock whether the PA 407 is on or off. Altema- 
processor 310 controls the operation of the PLL fre- tively, the switch 419 and limiter 420 could be elimi- 
quency synthesizer 308, the receiver 303, and the trans- nated if PA output signal is sufficient for the PM control 
mitter 305 via the data bus 318. The information source loop 417 to attain lock while the PA 407 is off, or if the 
306 produces a baseband amplitude modulation signal at 45 PA 407 is never turned off. 

line 314, and baseband phase modulation signal at line The mixer 401 generates an intermediate frequency 
321. The transmitter 305 is coupled to receive the base- signal 427 having a frequency which is equal to the 
band amplitude signal 314, the baseband phase modula- difference of the frequency of the frequency reference 
tion sigxial 321 operative to produce the RF transmit input signal 316 and tiie frt^uency of the signal which is 
signal at line 313. The diplexor 302 couples RF transmit 50 fed back from the limiter 420. The phase comparator 
signal at line 313 for radiation by the antenna 301 as an 403 generates an error signal based on the difference in 
RF signal 320. phase of the intermediate frequency signal 427 and the 

The RF channels in a cellular radiotelephone system, phase reference input signal 421. The phase comparator 
for example, include voice and signaling channels for output drives the a tuning port of the VCO 405 such 
transmitting and receiving (hereinafter referred to as 55 that the limiter 420 output agnal has a phase which is 
**tran5ceiving*') information between the base station approximately equal to the phase of the phase reference 
and the subscriber units. The voice channels are alio- input signal 421. Since the limiter 420, the switch 419, 
cated for transceiving voice information. The signaling and the coupler 409 have low phase distortion, the PA 
channels, also referred to as control channels, are alio- output has a phase which is also approximately equal to 
cated for transceiving data and signaling information. It 60 the phase of the phase reference input signal 421. The 
is through these signaling channels that the subscriber PM control loop 417 thereby achieves phase modula- 
units gain access to the cellular radiotelephone system tion of the PA 407 output signal 
and are assigned a voice channel for further communi- Additionally, the PM control loop 4 17 achieves the 
cation with the land-line telephone system. In cellular necessary predistortion at the VCO output signal such 
radiotelephone systems capable of transceiving wide- 65 that the phase distortion in the PA is automatically 
band data on the signaling channels, the frequency spac- canceled. The predistortion is achieved without the 
ing of the signaling channels may be a mt^tiple of the complexity of a dedicated predistortion loop circuit 
frequency spacing of the voice chaimels. The predistortion is accomplished by tuning the VCO 
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405 instead of a phase shifter as discussed in the back- ing a VCO instead of a phase shifter, the amount of PA 

ground of the invention. By using the VCO 405 the phase correction is essentially unlimited. Therefore the 

amount of PA phase correction is essentially unlimited. problem of exceeding the range of possible phase shifts 

Therefore the problem of exceeding the range of possi- is eliminated. The phase comparator output also drives 

ble phase shifts is eliminated. 5 the VCO tuning port such that the VCO output signal 

The phase comparator output also drives the VCO has a frequency which is equal to the desired transmitter 

tuning port such that the VCO output signal has a fre- output frequency. 

quency which is equal to the frequency of the frequency FIG. 6 is an iUustration in block diagram form of an 
reference signal 316 plus or minus the frequency of the alternative transmitter in accordance with the present 
phase reference signal 421. The PM loop 417 thereby 10 invention. Here, the phase information signal 321 pro- 
achieves frequency translation. The AM control loop vides a digital integer representing a desired frequency 
415 is integrated about the PA 407. The AM control input into the divide by N 601 and an analog phase 
loop 415 includes the PA 407, the output power coupler modulation signal input to the adder 604 of FIG. 6. 
409, an envelope detector 411 and a difference amplifier Alternatively, the digital integer may provide a portion 
4 13. A portion of the PA output signal is fed back to the 15 of the phase modulation. This transmitter illustrates an 
envelope detector 411 via the coupler 409, The differ- alternate method of applying phase modulation to the 
ence amplifier 413 generates an error signal based on the fractional N phase locked loop. Here, an analog modu- 
diffcrencc in voltage of the envelope detector output lation waveform is applied to the output of phase detec- 
and the amplitude reference input signal 314 which tor 603. Due to the wide bandwidth possible with the 
comes from the information source 306. Alternatively, 20 fractional N synthesizer, the analog signal on this port 
the amplitude reference signal 314 could be derived may contain significant spectral components as com- 
from the amplitude of the phase modulator output sig- pared to a non-fractional phase locked loop. Operation 
nal 421. The difference amplifier 413 drives the PA of the transmitter is identical to that shown in FIG. 5 in 
output amplitude control port such that the amplitude all other respects. AM control loop 515 and AM control 
of the PA output is responsive to the voltage of the 25 loop 615 are topologically and functionally similar to 
amplitude reference input signal 314, thereby achieving the AM control loop 4 15 of FIG. 4. 
amplitude modulation of the power ampMer output What is claimed is: 

signal. 1. A transmitter for transmitting signals, the signals 
FIG. 5 is an illustration in block diagram form of the containing amplitude modulation (AM) and phase mod- 
transmitter 305 of FIG. 3. The PM loop 517 consists of 30 ulation (PM), the transmitter comprising: 
a phase detector 503. a low pass filter 502, a voltage a power amplifier (PA) having a signal input and an 
controlled oscillator (VCO) 505, a PA 507; a coupler amplitude control input, the power amplifier gen- 
509, a switch 519, a limiler 520. and a fractional N di- crating an amplified PA output signal having a 
vider 501. The fractional N divider 501 includes a multi- phase, a firequency and a variable amplitude, the 
accumulator fractional N phase locked loop such as that 35 amplitude responsive to the amplitude control in- 
shown in U.S. Pat. No. 5,166,642 entitled •'Multiple put; and 

Accumulator Fractional N Synthesis with Series Re- a PM control loop having a feedback signal input, a 
combination" by Hietala and assigned to the assignee of phase reference signal input, and a frequency refer- 
the present invention. When the PA 507 is initially ence signal input having a frequency, the PM con- 
turned on, the switch 519 connects the VCO 505 output 40 trol loop including inter alia a voltage controlled 
signal to the limitcr 520. After the PM control loop 517 oscillator (VCO), the VCO having a VCO output 
attains a locked condition, the switch connects the ecu- signal and a control signal input, the VCO output 
pier 509 output signal to the limitcr 520. The switch 519 signal is coupled to the signal input of the power 
and limiter 520 thereby provide a signal to the fractional amplifier, and the feedback signal input is coupled 
N divider 501 that has a sufficient power level for the 45 to the PA amplified output signal, the PM control 
loop to attain lock when the PA 507 is in the off condi- loop providing a phase modulated and predistorted 
tion. Alternatively, the switch 5 19 and the limiter 520 VCO output signal such that the phase of the PA 
could be elnninated if the PA output signal level in the output signal is responsive to the phase reference 
off condition is sufficient for the loop to attain lock. The input signal, and the frequency of the PA output 
phase comparator generates an error signal based on the 50 signal is responsive to the frequency of the fre- 
difference in phase of the fractional N divider output quency reference signal. 

signal 527 and the reference input signal 521. The phase 2. A transmitter in accordance with claim i wherein 
comparator output drives the VCO tuning port such the PM control loop further comprises a mixer having a 
that the limiter 520 output signal has a phase which b first and second input and an ou^ut, and a phase corn- 
approximately equal to the phase of tl^e reference input 55 parator having a first and second input and an output, 
signal multiplied by the fractional N division ratio. the first mixer input coupled to the PA output signal, 
Since the limiter 520, switch 5 19, and coupler 509 have the second mixer input coupled to the frequency refer- 
low phase distortion, the PA output has a phase which ence signal, the mixer output responsive to the fre- 
is also approximately equal to the phase of the reference quency of the frequency reference dgnal and coupled to 
input signal 521 multiplied by a fractional N division 60 the first input of the phase comparator, the second input 
ratio provided on the phase modtilation signal 321. The of the phase comparator coupled to the phase reference 
PM loop 517 thereby achieves phase modulation of the signal, the phase comparator output respotisive to a 
VCO 505 output signal Furthermore the PM loop phase of the phase reference signal and coupled to the 
achieves the necessary predistortion at the VCO output VCO control signal input 

signal such that the phase distortion in the PA is auto- 65 3. A transmitter in accordance with claim 1 wherein 

madcally cancelled. The predistortion is achieved with- the power amplifier is a non-linear power amplifier, 

out the complexity of a dedicated predistortion loop 4. A transmitter in accordance with claim 1 wherein 

circuit Since the predistortion is accomplished by tun- the amplitude control input is provided from an AM 
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cx3ntrollcr, the AM controller having a signal input and 9. A radio in accordance with claim 6 wherein the 

an amplitude reference input, the AM controller signal phase detector output signal provides a voltage respon- 

input coupled from the amplified output signal, the AM sive to the difference between the second and the fourth 

controller providing a control signal output coupled to phase. 

the control input of the power amplifier such that the 5 lO. A radio in accordance with claim 9 wherein the 

variable amplitude output of the power amplifier is oscillator is a voltage controlled oscillator, 

responsive to the amplitude reference input n. A transmitter for transmitting signals, the signals 

5. A transmitter in accordance with claim 1 wherein containing amplitude modulation (AM) and phase mod- 
the PA amplified output signal is switchably coupled to ulation (PM), the transmitter comprising: 

the feedback signal input of the PM control loop. 10 a power ampUfier having a signal input and an ampli- 

6. A radio for transmitting radio frequency (RF) tude control input, the power amplifier generating 
signals on a selected channel, the radio comprising; an amplified PA output signal having a variable 

a controller for generating an amplitude reference amplitude responsive to the amplitude control 
agnal, a RF carrier signal, and a phase mfonnation input and having a phase and a frequency; and 
signal, the radio frequency carrier signal having a a PM control loop having a phase modulated output, 
first frequency and a first phase; a feedback signal input, a modulation reference 
a transmitter compnsmg: signal input havmg information content, and a fre- 
a modulator havmg an input coupled to the phase quency reference signal input having a fi^uency. 
information signal and generating a phase modu- the PM control loop comprised of a voltage con- 
lated (PM) carrier signal having a second phase; ^" trolled oscillator (VCO) having a VCO ouq>ut 
a power amplifier (PA) having a data signal input signal and a control signal, the VCO output signal 
and a PA control mput and an output, the output coupled to the signal input of the power amplifier, 
providmg an amplified and modulated PA out- the feedback signal input coupled to the PA output 
put signal havmg a third frequency and a third signal, the PM control loop providing a phase mod- 
phase, the third frequency and the third phase ^^ed and predistorted VCO output signal such 
responsive to the data signal input; that the phase of the PA output signal is responsive 
an amphtude modulation (AM) controUer having a to the information content of the modulation refer- 
first mput and a second input, the first input g^ce signal, and the frequency of the PA output 
coupled to the amplitude reference signal, the 30 (3 responsive to the frequency of the fre- 
second mput coupled to the output of the PA, reference signal. 

the AM controller generating an amplitude con- ^ ^ transmitter in accordance with claun 11 
trol signal coupled to the PA control mput, the ^y^^^^^ control loop further comprises a fre- 
amphtude control signal detennmmg the amph- ^^^er having a first and a second input and an 
tode of the PA output signal and responsive to 35 ^^^^^ ^ comparator having a first and see- 
the amphtude reference sig^; ^ . ^^^^ frequency 

a mixer havmg a first mput and a second mput, the divider coupled to the PA output signal, and thelecond 

first mput coupled to the radio frequency earner ^ the frequency divider coupled to the modula- 

signat the second mput coupled to the power tion reference dg^al, die frequency divider output cou- 

amphfier output signal the mixer providmg an 40 firsTinput of le phase comparator, the 

output signal havmg a fourth frequency equal to ^ ^v/ tiioi luj^u* vi wic yua^ ^.K^ux^axa^i, umk 

the diffe^^ between the first freque^y and "^P^V°^ comparator coupled to the 

the third frequency and a fourth pS^e equal to ^^l^e^^cy reference si^, the phase comparator out- 

the difference between the first phase and the f responsive to the information content of the modu- 

third phase* lation reference signal and coupled to the VCO as the 

a phase detector havmg a first input and a second confrol signal. . . , . 

input, the first input coupled to the mixer output }^ A transmitter m accordance with claim 12 

signal, the second input coupled to the PM car- wherem the frequency divider is composed of a frac- 

rier signal, the phase detector providing a phase ^ ^ype of frequency divider, 

detector output signal responsive to the differ- 50 ^ transmitter m accordance with claim 12 

ence between the second phase and the fourth wherem the information content of the modulation 

phase; and reference signal is a digital signal. 

an oscillator having an input, the input coupled to ^ transmitter in accordance with claim 11 

the phase detector output signal, the oscillator wherein the PM control loop further comprises a frfr- 

output coupled to the data signal input to the 55 Quency divider having a first and a second mput and an 

power amplifier, the data signal having a phase output, a phase comparator having a first and second 

determined by the phase detector output signal input and an output, and an analog adder having a first 

and responsive to the phase modulated (PM) a second input and an output, the first input of the 

carrier signal and having a frequency determined divider coupled to the PA output signal, and the second 

by the phase detector output signal and respon- 60 i^put of the divider coupled to a digital number repre- 

sive to the radio frequency carrier signal. senting the frequency of the output, the divider output 

7. A radio in accordance with claim 6 wherein the coupled to the first input of the phase comparator, the 
amplitude reference signal is a portion of a modulation second input of the phase comparator coupled to the 
signal, the modulation signal having an amplitude and a frequency reference signal, the phase detector output 
phase component. 65 coupled to the first input of the analog adder, the sec- 

8. A radio in accordance with claim € wherein a ond input of the analog adder coupled to the modula- 
frequency of the RF carrier signal determines a fre- tion reference signal and the output of the analog adder 
quency of the selected channel. coupled to the VCO as the control signal. 
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16. A transmitter in accordance with claim 15 
wherein the frequency divider b composed of a frac- 
tional N type of frequency divider. 

17. A transmitter in accordance with claim 15 
wherein the modulation reference signal is an analog 5 
signal. 

18. A transmitter in accordance with claim 11 
wherein the power amplifier is a non-linear power am- 
plifier. 

19. A transmitter in accordance with claim 11 10 
wherein the amplifier control input is provided from an 
AM controller having a signal input and an amplitude 
reference input, the signal input coupled from die am- 
plified output signal, the AM controller providing a 
control signal output coupled to the control input of the 13 
power amplifier such that the variable amplitude output 
of the power amplifier is responsive to the amplitude 
reference input 

20. A radio for transmitting RF signals on a selected 
channel the radio comprising: 20 

a controller for generating an amplitude reference 
signal, a reference frequency signal and a baseband 
phase modulated (PM) sig^ial, the baseband PM 
signal having a fint integer value, the reference 
frequency signal having a first frequency and a first 25 
phase; 

a transmitter comprising: 

a power amplifier having a data signal input and a 
control input and an output, the output provid- 
ing an amplified and modulated output signal 30 
having a second frequency and a second phase, 
the second frequency and second phase respon- 
sive to the data signal input; 

an amplitude modulation (AM) controUer having a 



10 

input of the power amplifier, the amplitude con- 
trol signal determining the amplitude of the 
power amplifier output signal and responsive to 
the amplitude reference signal; 
a frequency divider having a first input and a sec- 
ond input, the first input coupled to the baseband 
PM signal, the second input coupled to the 
power amplifier output signal, the frequency 
divider providing an output signal having a third 
-frequency equal to a ratio of the second fre- 
quency and Uie integer value and a third phase 
equal to a ratio of the second phase and the inte- 
ger value; 

a phase detector having a first input and a second 
input, the first input coupled to the frequency 
divider output signal, the second input coupled 
to the reference frequency signal, the phase de- 
tector providing an output signal responsive to 
the difference between the third phase and the 
- first phase; and 

an oscillator having an input, the input coupled to 
the phase detector output signal, the oscillator 
generating the data signal input to the power 
amplifier, the data signal having a frequency and 
- phase determined by the phase detector output 
signal and responsive to the baseband PM signal. 

21. A radio in accordance with claim 20 wherein the 
amplitude reference signal is a portion of a modulation 
signal, the modulation signal having an amplitude and a 
phase component. 

22. A radio in accordance with claim 20 wherein the 
oscillator is a voltage controlled oscillator 

23. A radio in accordance with claim 20 wherein the 
first input and a second input, the first input 35 frequency divider is composed of a fractional N type of 
coupled to the amplitude reference signal, the frequency divider. 

second input coupled to the output of the power 24. A radio in accordance with claim 20 wherein the 
amplifier, the AM controller generating an am- power amplifier is a non-linear power amplifier, 
plitude control signal coupled to the control ♦ ♦ ♦ # ♦ 
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